Pulses launched with their central wavelength in the region of the minimum-dispersion wavelength of a single-mode optical fiber exhibit a distinct spectral splitting due to the nonlinearity. As a solitary wave evolves, the corresponding central wavelength of this component frequency downshifts while the dispersive wave is upshifted, in qualitative agreement with theoretical prediction.
Since the first experimental demonstration of soliton generation in single-mode optical fibers,' several authors have discussed the application of solitons to future all-optical, high-transmission-rate communication systems. 2 -4 The peak pulse power necessary to establish a fundamental soliton 5 in a fiber is inversely
proportional to the square of the pulse duration and directly proportional to the fiber dispersion. 1 ' 6 Therefore it would seem natural to operate at a wavelength in the anomalous-dispersion regime, where the dispersion is lowest, thus minimizing the power levels required to establish solitons. For pure-silica fibers the second-order dispersion is zero in the region of 1.27 Aim; however, the contribution of the waveguide dispersion leads to an overall zero component of the second-order dispersion that is shifted to longer wavelengths. In the region of the zero of the second-order dispersion, the effect of third-order dispersion plays a major role in determining the required soliton power levels and in limiting the bandwidth of the system. 7 Blow et al. 8 were the first to examine the effects of higher-order dispersion on soliton propagation in the region of minimum dispersion and predicted pulse broadening and breakup in the time domain, which has also been shown by Wai et al. 9 Wai et al.1 0 recently also examined the spectral behavior of pulses of arbitrary shape and amplitude launched with their center frequency at or near the minimum-dispersion point and demonstrated the emergence of solitons from these pulses. The attraction for operating at or close to the minimum-dispersion wavelength is that the power required to generate the soliton is consequently reduced from that in the anomalously dispersive regime.
We have undertaken a simple experimental investigation of the spectral and temporal behavior of pulses launched into a single-mode fiber in the region of minimum dispersion. Our qualitative observations agree with the predictions of Wai et al.
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The experimental arrangement is shown in Fig. 1 . A cw mode-locked Nd:YAG laser operating at 1.32 gm served as the source of radiation. This laser has been described previously, 1 1 thus it is sufficient to mention that typically it generated 90-psec pulses at a 100-MHz repetition rate with an average (peak) power of However, the central wavelength of the compressed pulses was at 1.32 ,m with a bandwidth of approximately 4 nm, and the fixed wavelength did not allow any control or tunability in the region of interest, i.e., the dispersion-minimum wavelength of fiber F 2 . To derive a tunable source, we used stimulated Raman conversion of multisoliton pulses, 1 2 or the soliton selffrequency shift as it is alternatively known. 1 3 When a pulse with a power much greater than the fundamental soliton power is incident upon a fiber, it exhibits a complex evolution of the pulse shape 6 and always experiences a rapid initial pulse narrowing. 1 4 The bandwidth of the ultrashort pulse is such that the highfrequency (short-wavelength) components can provide Raman gain for the low-frequency region, and consequently the pulse will experience a continuous shift to longer wavelengths. This shift, which increases with the pump power and distance down the fiber, has been shown by Gordon 15 to be proportional to r' 4 , where r is the pulse width.
To generate selectable frequency-tunable output pulses, the 1.5-psec 1.32-,m pulses from the fibergrating compressor were focused into a 140-m length of dispersion-shifted fiber Fl. This fiber was single mode at 1.32 gim, with a dispersion minimum at 1.27 gim. Simply by adjusting the focal position of the 20X microscope objective L 1 , the power launched into the fiber core was adjusted to obtain the required frequency shift. Figure 2 , curve (a), shows the spectrum obtained at the exit of fiber F, for an average excitation power of 40 mW. This consisted of the self-phasemodulated region near 1.32 gm and the self-shifted component, which for the specified fiber length and power was centered near 1.38 gmi. In the transform limit (assuming sech profiles) the 25-nm bandwidth of the shifted component would have been capable of supporting 80-fsec pulses. Temporal measurements in this spectral region using a standard backgroundfree autocorrelation technique revealed that the pulses were well in excess of the transform limit, with durations of 170 fsec. This source of pulses was then used to investigate the spectral and temporal behavior of pulses launched spectrally spanning the minimum-dispersion wavelength of fiber F 2 , which was 50 m long with a dispersion minimum near 1.38 gim. By adjusting the focal position of the microscope objective L 3 , the power launched into fiber F 2 was adjusted, and simultaneous spectral and temporal measurements on the emergent radiation were taken. To carry out a more quantitative study of the solitons at the zero-dispersion wavelength, it would have been preferable to have spectrally filtered the self-frequency-shifted signal at 1.38 gm from the remaining shifted and self-phase-modulated pump signal. Unfortunately such a filter was not readily available, and as is shown below the presence of these latter signals masked some of the effects to be recorded.
For an average (peak) power of 5 mW (33 W) in fiber F 2 , the emerging spectrum was as in Fig. 2, curve (b) .
In the region of 1.32 gm the spectrum was similar to the input [ Fig. 2, curve (a) ], while the peak of the selfshifted component showed a clear long-wavelength shift. On increasing the average power launched into the fiber, to 10, 15, and 25 mW [ Fig. 2, curves (c), (d), and (e), respectively] a continuous shift took place in the peak of the spectral band in the anomalously dispersive regime. Correspondingly, the component of the incident radiation spanning the minimum-dispersion wavelength, lying to the short-(normally dispersive) wavelength side, exhibited a distinct shift to lower wavelengths with increasing incident power. At the dispersion-minimum wavelength a clear minimum in the spectral intensity developed, resolving the emergent spectrum into two distinct spectral bands. Although the presence of the fundamental signal near 1.32 gm made a precise measurement impossible, integrating the spectral regions above and below the minimum dispersion revealed that approximately 45% of the average power was in the dispersive wave. By prefiltering the pump radiation, a more accurate determination of this power splitting should be possible.
Owing to the distinct spectral splitting of the generated components around the dispersion minimum, spectral selection of the solitary wave and dispersive wave was feasible. Figure 3 shows the backgroundfree autocorrelation traces recorded for the respective regions, together with an inset of the spectral region examined. In Fig. 3(a) a distinctive pedestal due to dispersive broadening was visible, on top of which was a 1.4-psec pulse that corresponded to the compressed input 1.32-gm pulses. The low-level pedestal was ap- For an average power of 25 mW in the second fiber, the average power measured in the soliton region of the spectrum centered near 1.41 Am was 6 mW. This corresponded to a peak power of approximately 330 W in the 180-fsec soliton pulse. From the known fiber parameters, the estimated fundamental soliton power was approximately 400 W, which indicated that the soliton generated was a single soliton.
Using a dispersion-compensated colliding-pulse mode-locked dye-laser system in which solitonlike pulse formation takes place, Wise et al. 1 6 recently observed spectral splitting associated with a generalized zero-dispersion point in the laser system and the formation of solitary and dispersive waves, reminiscent of the trends described above.
In conclusion, we have shown that it is possible to generate solitons, or, more precisely, solitary waves, through launching pulses that span the minimum-dispersion wavelength of single-mode optical fibers. The generated solitons have a central frequency that is downshifted into the anomalously dispersive regime. The power level at which these solitons are generated is substantially lower than that required to launch solitons further into the anomalously dispersive regime, and the potential of semiconductor laser sources of solitons may soon be realized using this technique.
